ABSTRACT
INTRODUCTION
Pregnancy-induced hypertension is one of the many complications of pregnancy, which poses a great deal of challenge to healthcare professionals, as a result of its progressive clinical manifestations as well as the evasiveness of a definitive cure. It remains a leading cause of maternal and perinatal morbidity and mortality with most of these deaths occurring in developing countries. Nonetheless, efforts are persistently being made to elucidate the aetiology and pathophysiology of the condition with the view to obtaining an ultimate cure. Hypertensive disorders of pregnancy are extremely common worldwide and have been reported to be responsible for 12% of maternal mortality during pregnancy and the puerperium (Bellamy et al., 2007) . Gestational hypertension (GH) and pree-clampsia (PE) (collectively referred to as PIH) are conditions of pregnancy characterized by increased blood pressure.
Pregnancy-induced hypertension complicates 5 -10% of pregnancies in the United States with its associated maternal, foetal and neonatal morbidity and mortality (Seely and Solomon, 2003) . Gestational hypertension reportedly complicates between 4.4 and 17.5% of pregnancies (Stone et al., 1995; North et al., 1999) . The reported incidence of preeclampsia varies between 3-10% (WHO, 1988; Mittendorf et al., 1996) . In Tehran, an incidence of 3% for preeclampsia has been reported (Pyri et al., 2001) whereas, in Sri Lanka, hypertensive disorders of pregnancy have been reported to occur in 4.9% of pregnant women delivering in a tertiary care hospital (Jayawardana and Fernando, 1995) . In a Ghanaian study, conducted in Accra, an incidence of 7.03% for preeclampsia was reported (Obed and Patience, 2006) .
Diverse risk factors such as maternal age, BMI, parity, family history of hypertension, contraceptive use (Owiredu et al., 2009) , oxidative stress and metabolic syndrome , among women presenting with PIH visiting the Komfo Anokye Teaching Hospital have been established. In this study, attention is being focused on the environment, which has also been implicated in the aetiology of hypertensive disorders of pregnancy. Even though other studies have examined seasonal trends in the occurrence of preeclampsia (Obed et al., 1994; Makhseed et al., 1999; Magnus and Eskild, 2001) in an attempt to gain some insight into the probable role of the environment in the aetiology of pregnancyinduced hypertension, these reports have been inconsistent. Indeed, temperature, humidity and precipitation show comparatively great seasonal variations in tropical countries. If these factors exert any influence on the occurrence of pregnancyinduced hypertension, then, systemic seasonal variation in the occurrence of PIH may be expected. In a Singaporean study, Tan and Salmon, (1988) reported that the prevalence of preeclampsia in the hot, dry months of February, March and April was about twice as high as in the months of October, November and December. In Sweden, Ros et al., (1998) reported a reduced prevalence of preeclampsia in summer compared to the winter. In Kuwait, the prevalence of preeclampsia was reportedly highest in November, when the temperature was relatively low and the humidity high (Makhseed et al., 1999) . Furthermore, in a Zimbabwean study, a seasonal pattern was observed with an increased prevalence at the end of the dry season and in the first months of the rainy season (November to March) (Wacker et al., 1998) . Obed et al., (1994) reported increased cases of eclampsia in the rainy season in Ghana.
Ghana, located in the tropics of West Africa has two distinct climatic seasons; the dry and the rainy. These seasons have varying amount of humidity, rainfall and temperature. Kumasi though, located in the mid zone of the country has neither the cold weather of the coastal south nor the dryness of the upper north. The main rains in Kumasi occur between April-June and August-October whereas the dry season is between November-March.
There is very scanty literature on the prevalence and incidence of pregnancy-induced hypertension among Ghanaian women. This study sought to determine if the environment is a contributory factor in the occurrence of hypertension among this cohort of women in Ghana. The study was therefore aimed at examining the incidence and prevalence of PIH in Ghana as well as assessing seasonal variations in the presentation of PIH among Ghanaians.
MATERIALS AND METHODS
A retrospective observational hospital-based study was conducted at the Obstetric and Gynaecology Department of the Komfo Anokye Teaching Hospital (KATH), Kumasi. Kumasi, located in the mid zone of Ghana; is the regional capital of the Ashanti region. Komfo Anokye Teaching Hospital, situated in Kumasi, is a tertiary teaching hospital and it is the lead-Seasonal variation in the occurrence of pregnancy...
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ing maternity hospital in Kumasi, providing healthcare for the mid and northern sector of the country. The hospital is a referral centre drawing a huge number of pregnant women due to the twenty four-hour service it runs and its large bed capacity, as well as the acclaimed satisfactory healthcare service it provides. The records of all deliveries are comprehensively documented at the Reproductive Health Unit of the hospital. As such, the medical records of all women who visited the Obstetric and Gynaecology department of KATH for antenatal care in 2006-2007 were accessed. The relevant information obtained for the assessment of the set objectives included maternal age, parity, birth weight and maternal death. The diagnosis of gestational hypertension and preeclampsia were made based on clinical and laboratory findings by Obstetric and Gynaecology specialists, using the criteria of the National High Blood Pressure Education Program Working Group (National High Blood Pressure Education Group, 2000) for PIH.
Gestational hypertension was defined as blood pressure ≥ 140/90 mmHg for the first time during pregnancy, without proteinuria; preeclampsia was defined as blood pressure≥ 140/90 mm Hg after 20 weeks' gestation and proteinuria ≥ 300 mg protein/24hours or ≥ 1+ with dipstick. Subjects presenting with history of chronic hypertension, superimposed preeclampsia, Hemolysis Elevated Liver enzymes Low Platelet count (HELLP) syndrome and eclampsia were excluded from this study.
The classification of the season (rainy and dry) was made based on the climatic patterns in Kumasi. Rainy season: April-June and AugustOctober. Dry season: November-March.
Statistical Analysis
The incidence and prevalence was estimated as a proportion. The calculated prevalence ratio was defined as the prevalence in any month divided by the prevalence in the reference month. To adjust for possible confounding variables statistical analyses were performed using SAS System for windows, version 6.12, the relative risk of PIH (GH + PE) according to the other variables were expressed as adjusted odds ratios (ORs) and 95% confidence intervals (CIs) using multiple logistic regression analysis. Stratified analysis of the seasonal variation in PIH (PE+ GH) within levels of parity, maternal age and birth weight was performed to examine reliability of observations and possible effect modifiers.
RESULTS
Out of the total of 8,091 antenatal visits to the Komfo Anokye Teaching Hospital, Kumasi, from 2006 to 2007, 1,005 (12.42%) presented with PIH. Preeclampsia was identified in 530 (6.55%) pregnant women whilst gestational hypertension was identified in 475 (5.87%) pregnant women. The prevalence of PIH and GH were found to be highest (17.80% and 8.74% respectively) in September whilst that of PE was found to be highest (9.33%) in August. The prevalence ratios were 2.36, 2.55 and 2.26 for PIH, GH and PE respectively for the highest values (Table 1) . The prevalence as well as the prevalence ratios for all the conditions generally declined during the dry season (from November to March) to the lowest level (7.55%, 3.43% and 4.12% for PIH, GH and PE respectively) in January, with January as the reference month (Table 1) .
Using maternal age between 20-35 years as the reference group, a substantial increase in risk was found for women less than 20 years of age and for those above 35 years of age (Table 2) . Multiparity, from this data did not have a significant effect on PIH and its subgroups when nulliparous women were used as the reference group. The prevalence ratio among neonates with birth weight less than 2.5 kg was about 2, 3 and 5 for GH, PIH and PE respectively ( Table  2 ). The percentage prevalence of maternal death was 2.86, 7.62 and 10.48 for GH, PE and PIH respectively.
The percentage incidence rate in 2006 and 2007 is as shown in Figure 1A . The incidence of PIH was significantly higher (P < 0. were also significantly higher (P < 0.001; χ 2 = 22.87; df = 1 and P < 0.001; χ 2 = 18.10; df = 1 for PE and GH respectively) in 2007 (9.03% and 8.01% for PE and GH respectively) as compared to that of 2006 (6.01% and 5.64% for PE and GH respectively).
When the prevalence of the various conditions were assessed based on the seasonal variation, it was realized that the prevalence were significantly higher (P < 0.001; χ2 = 16.23; df = 1, P = 0.0201; χ 2 = 5.402; df = 1 and P = 0.0016; χ 2 = 9.978; df = 1 for PIH, PE and GH respec- Figure  1C ). The differences however attained a statistically significant level in 2007 (P < 0.001; χ 2 = 38.62; df = 1, P < 0.001; χ 2 = 16.81; df = 1 and P < 0.001; χ 2 = 18.36; df = 1 for PIH, PE and GH respectively) ( Figure 1D ). After adjustment for possible confounding variables, the relative risks of the various conditions were expressed according to the other variables as odds ratios, using multiple logistic regression. Adjustment for other variables did not alter the seasonal trend in the occurrence of PIH (Table 3 ). The average relative risk of developing PIH, GH and PE during the dry season is 1.46 each whilst the average relative risk of developing PIH, GH and PE during the rainy season is 1.83, 1.77 and 1.76 respectively (Table 3) . A substantial increase in risk was found for women less than 20 years and greater than 35 years of age confirming the earlier observation in Seasonal variation in the occurrence of pregnancy...
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was at least 50% of the risk in the first pregnancy. Table 4 shows the monthly average temperatures and precipitation for Kumasi. Generally, the average monthly humidity and precipitation were higher during the wet season (from April to October) as compared to the dry season (from November to March). However, the average monthly temperatures as well as the average maximum temperatures were much higher during the dry season compared to the wet season (Table 4) .
DISCUSSION
From this study, an incidence of 5.46% and 8.01% for 2006 and 2007 respectively was noted for GH. Indeed, GH is believed to complicate between 4.4% to 17.5% of pregnancies, with a weighted average of 14.6% (Hauth et al., 1993; Stone et al., 1995; North et al., 1999) . Also, the observed incidence of 6.01% (2006) and 9.03% (2007) among women presenting with PE is similar to those reported in other studies. Mittendorf, (1996) reported that the incidence of preeclampsia varies between 3-10%. In the only accessible Ghanaian study by Obed and Patience, (2006) they reported an incidence of 7.03% for PE. PIH was incident in 11.46% and 17.04% of the population for the years under review. Additionally, the prevalence rates for the years under review were as follows: PIH was identified in 12.42% of the pregnant women, whereas PE and GH occurred in 6.55% and 5.87% respectively. Seely and Solomon, (2003) reported that pregnancyinduced hypertension complicates 5-10% of pregnancies in the United States and later, Villar et al., (2006) reported that hypertension complicates approximately 9% of pregnancies worldwide, with substantial maternal and perinatal morbidity and mortality. Although incidence and prevalence rates of GH and PE are comparable to other studies, the PIH rates were higher from this study, and this may be due to differences in definition, population composition, demographic and obstetric characteristics, actual disease incidence, or access to and availability of antenatal care services (WHO, 1988) as well as diet and lifestyle practices.
An association between maternal age and hypertensive disorders of pregnancy has been extensively reported (Sibai, 1990; CondeAgudelo and Belizan, 2000; Anorlu et al., 2005; Owiredu et al., 2009 ). Obed and Patience, (2006) , in a Ghanaian study reported that preeclampsia occurred more frequently in women above 35 years, in contrast to those between 20-35 years and also in those below 20 years, a finding which was earlier reported by Gaio et al., (2001) . Similarly, the finding of this study that, younger (<20 years) as well as older (>35 years) pregnant women had increased risk for PIH, GH and PE, supports the observation that extremes of age increase the risk for hypertensive disorders of pregnancy as observed in the high prevalence of the hypertensive condition in women of these age groups.
Hypertensive disorders are major obstetric complications with unresolved aetiologies. Indeed, the incidence of these disorders of pregnancy (PIH, PE and GH) has been associated with racial, dietary and environmental factors. Elucidating the precise involvement of different weather patterns may facilitate an understanding of factors involved in setting off these events. Chesley, (1984) reported racial variations in the occurrence of PIH in the Fiji islands (low incidence) and India (high incidence) which was attributed to meteorological conditions. Davies et al., (1970) in a prospective study in Jerusalem, established ethnic disparities in the occurrence of PIH. Tan and Salmon, (1988) in a review on the influence of climatic conditions on the incidence of hypertensive disorders of pregnancy, reported that the characteristics which influence the occurrence of PIH include hot weather, cool damp weather, cold fronts, any change in weather, cool dry weather, warm months, and monsoon rains (Magann et al., 1995; Wolf et al., 2001 ).
This current study found a seasonal variation in the occurrence of PIH, PE and GH with a peak in the wet months and a minimum in the dry months. Makhseed et al.,(1999) observed an increased incidence of eclampsia in warm and moist weather. Increase in thromboembolism and stroke has been associated with the occurrence of hot weather conditions in Israel. The increased risk of thromboembolism during warm days and its influence on the physiology of the blood vessels could possibly increase the risk of incidence of hypertensive pregnancies (Makhseed et al., 1999) . However, most studies (Agobe et al., 1981; Crowther, 1985; Bider et al., 1991; Bergstrom et al., 1992; Neela and Raman, 1993) have demonstrated that reduced temperatures and increased humidity are associated with a high risk of pregnancy-induced hypertension, preeclampsia and gestational hypertension as corroborated by this study.
The observations from this study and the seasonal trends reported from other countries (Tan and Salmon, 1988; Obed et al., 1994; Makhseed et al., 1999) , point to environmental factors which are known to show seasonal variability in their occurrence.
It has been proposed that, probably the cold weather may possibly lead to the vasospasm that is associated with the pathogenesis of preeclampsia. Considering that the outcome of cold weather on ischaemia is presumed to be the basis of the comparatively strong relationship between outdoor temperature and the incidence of myocardial infarction (Rose, 1966; Magnus and Eskild, 2001) , preeclampsia can be presumed as having predisposing, contributing (infections, diet, smoking) and precipitating causes (cold weather) (Magnus and Eskild, 2001 ). The reported lower day time blood pressure during hot weather (Modesti et al., 2006) has been attributed to increased vasodilatation and, loss of water and salt by sweating (Rosenthal, 2004) while cold weather is known to cause release of catecholamines, which can increase blood pressure. Some researchers have proposed that cold temperature may trigger preeclampsia through the induction of peripheral vasoconstriction (Magnus and Eskild, 2001) .
A likely cause of the increase in the incidence of hypertensive disorders of pregnancy during the rainy season in this study may probably be due to malaria which is transmitted largely during the rainy season. Other risk factors such as maternal age, parity, educational background, partner change as reported by Owiredu et al., (2009) and Anorlu et al., (2005) could possibly explain the weak association with the season as seen in the 2006 data. Malaria may contribute to the incidence of hypertensive disorders of pregnancy (PIH, PE and GH) and its maternal mortality by increasing the risk and severity of obstetric conditions and postpartum haemorrhage (Brabin and Verhoeff, 2002) . In this present study, there was a 1.46 relative risk of developing PIH, GH and PE during the dry season which increases substantially to 1.83, 1.77 and 1.76 for PIH, GH and PE respectively during the rainy season (malaria season). Kumasi, Ashanti region, where the data for this study was obtained, is considered a high malaria infestation/transmission zone with an incidence of 35.7% (Yeboah et al., 2009) . In another study in the Sekyere West district of the Ashanti region of Ghana, a prevalence of 35.1% placental malaria was reported for pregnant women (Glover-Amengor et al., 2005) reflecting the higher malaria transmission associated with the forest belt of Ghana, where the Ashanti region is located.
Hypertensive disorders of pregnancy are associated with increased infant and maternal morbidity and mortality. Over the study period, maternal death occurred in 2.86% (Table 2 ) of women presenting with GH whereas PE and PIH subjects, presented a high incidence of maternal mortality (7.62%, 10.48% respectively) (Table 2) in the same period. In the United States of America, preeclampsia accounts for 15% of pre-term births and a fivefold increased perinatal mortality (Goldenberg and Rouse, 1998) . Severe gestational hypertension is also associated with a high incidence of small-for-gestational-age infants and shortened gestations (Buchbinder et al., 2002) . In this study PIH, PE and GH were associated with a higher prevalence of small-for-age infants as babies with birth weight less than 2.5 kg were more frequent in this cohort of women. The low birth weights observed in deliveries of these women with PIH may result from intrauterine growth retardation (IUGR) or premature delivery. Short gestation and low birth weight and most prominently pre-term delivery, are the main causes of death in children below 5 years of age Jones et al., 2003) .
CONCLUSION
In this study an increased prevalence in PIH was observed. The hypertensive condition was more prevalent in the younger as well as older aged mothers and was associated with the delivery of babies with low birth weight. Also, an association between the rainy season and increased incidence of hypertensive disorders of pregnancy was evident. The possible role of malaria parasitaemia in the pathophysiology of hypertensive pregnancies may require thorough investigation.
